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COMPLETE SPECIFICATION 

Air Conditioning, and Auxiliary Electric and Pneumatic Power Supply Equipment 

and System, 

We, The Garrett Corporation, a cor- 
poration organized and existing under the 
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laws of the State of California, United States 
of America, of 9851 Seoul veda Boulevard. 
Los Angeles, State of California, United 
States of America, do hereby declare the 
invention, for which we pray that a patent 
may be granted to us. and the method by 
which it is to be performed, to be particu- 
larly described in and by the following 
statement: — 

The present invention relates generally to 
air conditioning equipment, and is more par- 
ticularly concerned with a novel system for 
15 conditioning the ventilating air introduced 
into the cabin or other enclosure of an air- 
craft, and associated control therefor. 

Considered in its broad concepts, the pre- 
sent invention proposes to provide an all 
20 purpose power and air conditioning system 
which utilizes an auxiliary gas turbine, and 
which is so arranged that electrical power 
will be available prior to starting the main 
engines, and pneumatic power wfi be avail- 
25 able for use in starting the main engines. 
Moreover, the system, due to its flexible 
arrangement of components and unique 
valving arrangement, may be utilized for 
cooling or heating of the cabin air while the 
30 aircraft is on the ground, in low level flight, 
or during high altitude flight. It is further 
contemplated that the turbine power devices 
will have.., unique governing and control , 
means for regulating normal operation, and 
35 providing against the occurrence of emer- 
gency conditions and abnormal operation. 

The present invention comprises a gas 
turbine unit in which the turbine drives a 
compressor having an atmospheric air inlet 
40 and a compressed air outlet, a valve con- 
trolled duct connecting said outlet with a 
point of use, a valve controlled duct con- 
nected with said outlet to provide one select- 
able source of combustion air to said gas 
45 turbine; and another valve controlled duct 
[Price 3s. Qd.] 



from a separate source of air connected to 
form another selectable source of combustion 
air to said turbine. 

The disclosed combination of gas turbine 
and different, arrangements of the air expan- 50 
sion turbine driven compressor unit is 
covered by our divisional application No 
29613/54, Sled October 14, 1954 (Serial No. 
754,189). 

. It is one object of the hereindescribed in- 55 
vention to provide an air conditioning system 
which may be utilized separately or in com- 
bination with a separate source of com- 
pressed air or by bleeding compressed air 
from the main engines. 60 

A further object is to provide an air con- 
ditioning system which includes an. auxiliary 
gas turbine unit and a cooling unit in which 
an expansion air turbine drives a compressor, 
and wherein provision is made for utilizing 65 
the gas turbine exhaust for heating the air 
for driving the cooling unit during certain 
operating conditions of the system. 

A further object is to provide in a system 
such as described herein, an arrangement 70 
wherein matched devices may be utilized 
with a view to minimizing the weight factor, 
which is at a premium in aircraft. 

A still further object is to provide an air 
conditioning system having a high degree of 75 
flexibility and efficiency of operation, and to 
this end contemplates the provision of unique 
valving controls, and regulatory controls for 
the power devices. 

Another object is to provide a power 80 
source which will be available for the opera- 
tion of auxiliaries during emergency condi- 
tions on the aircraft, since the reliability of 
power supply is mandatory to flight opera- 
tion. In this connection, it is further pro- 85 
posed to provide an arrangement wherein the 
power supply may be maintained indepen- 
dently of the mam engines, or may t^e main- 
tained independent of accessory compressors 
by making provided connections with the 90 



main engn-^s. 

Still another object is to. provide novel 
means for controlling the operating fluid of 
auxiliary turbines, and in the case of a hot 
5 gas turbine, to control the fuel supply and 
supply of combustion supporting fluids, as 
well as protect the device^'against abnormal 
operating conditions.. . 

It is also an object to provide appropriate 
10 valves, orifices, actuators, etc. to form a 
speed governing system which is essentially 
. independent of altitude or other effects when 
. controlling an auxiliary turbine subjected to 
.wide variations in inlet and outlet pressures 
15 and temperatures, and is quick to respond 
to load and inlet changes, and at the same 
time, adequately protect against emergency 
conditions of overspeed, overtemperature, 
bearing damage and load reversals. 
20 Further objects of the invention will be 
brought out in the following part of the 
specification, wherein detailed description is 
for the purpose of fully disclosing the inven- 
tion without placing limitations thereon. 
25 Referring to the accompanying drawings, 
which are for illustrative purpose only, 

Fig. 1 is a view schematically illustrating 
a power and air conditioning system embody- 
ing the features of the present invention; and 
30 Fig. 2 is a view schematically illustrating 
a prime mover control and regulating system, 
as utilized in the hereindescribed system. 
Referring now generally to Fig. 1 of the 
* drawings, the air conditioning system of the 
35 present invention is built around an all pur- 
pose power package unit, as generally indi- 
cated at A. 

This power unit is shown as including a 
hot gas turbine 10 which is operatively con- 
40 nected to drive a generator 11 and a com- 
pressor 12, the latter through suitable clutch 
means 13. The compressor 12 is arranged 
with a suitable air intake which may be from 
a ram duct as shown. The compressor is 
45 connected through a suitable duct 14 with a 
conventional combustion chamber 15 by 
which operating fluid is furnished to the tur- 
bine 10. Row from the compressor through 
the duct 14 is controlled by a .valve 16, and 
50 opposite sides of this valve are connected 
with branch conduits 17 and 18 through 
valves 19 and 20 respectively. 

Provision is also made for conducting air 
from the compressor 12 for the operation of 
55 pneumatic devices, for example the starter 
of a 'jef' engine,- and by suitable valves to 
conduct air from the jet engine for combus- 
tion purposes in the' combustion chamber 15. 
~~ More specifically, a conduit 21 is connected 
60 by branches* through valves 22 and 23 re- 
spectively, the; first of these branches being 
connected to : conduit 17 downstream of the 
.. valve 19; and "the other branch being con- 
'■■*' nected to duct 14 between valve -16 and the 
65 combustion chamber 15. 



As shown, u ^bnduit 21 may be carried 
through a pressure regulator and shut-off 
valve 24 to permit utilization of air from the 
compressor 12, or from a jet engine, as 
generally indicated at 25 or supercharger in 70 
connection with a main engine of an aircraft 
for deicing purposes, operation of engine • ' 
starters, and other accessories. Connection 
with the jet engine would ordinarily be made 
through a check valve 26 and cut-off valve 75 
27. 

Provision is also made for the carrying of 
exhaust air from the aircraft cabin or other 
enclosure 28 as a source of combustion air 
for the turbine 10. As shown, a conduit 29 80 
is connected with the cabin, and through a 
valve 20 with the duct 14, .or alternately 
through a looped portion 31 and a valve 30 
with the duct 14. By means of the portion 
31, the exhaust air may be carried through a 85 
heat exchanger 32 so that the air flowing 
through the looped portion 31 may be 
brought into heat exchange relation with the 
exhaust from the turbine 10 for preheating 
purposes. The exhaust gases from the tur- 90 
bine 10 are conducted through a conduit 33 
and the heat exchanger 32. However, under 
some conditions of operation it may be de- 
sirable to discharge the exhaust gases from 
the turbine 10 without passing through the 95 
heat exchanger. For such purpose, a branch 
conduit 34 is provided and connected through 
a valve 35 with conduit 33 upstream of the 
heat exchanger, the valve 35 being so ar- 
ranged that the flow through the heat ex- 100 
changer and branch conduit 34 may be pro- 
portioned, or entirely diverted through one 
or the other depending upon the operating 
conditions desired. 

The branch conduits 17 and 18 are also 105 
carried through the heat, exchanger 32 so 
that the fluid flowing therein may likewise 
be brought into heat exchange relation with 
the exhaust gases of the turbine 10, if desired. 
In the case of conduit 17, a bypass 35' is 110 
provided to permit bypassing the flow 
around the heat exchanger, flow through the 
bypass being controlled by a modulating 
valve 36 under control of temperature pick- 
ups arranged at various points in the cabin 115 
air delivery conduit, for example, as indi- 
cated by the numeral 37. 

The system of the present invention also 
utilizes an air conditioning unit B comprising 
an air expansion turbine 38 which is loaded 120 
by being connected to a compressor 39 hav- 
ing its intake connected to a suitable air 
source, and in this case illustrated as being a 
ram duct. The outlet from the compressor 
39 is connected through a conduit 40 and 125 
demand control 40' with one inlet of a mul- 
tiple inlet selector valve 41 for controlling 
inlet air to the cabin 28. It will be noted that 
prior to reaching the cabin, the conduit 40 
has a branch connection with .conduit 17 130 



downstream from the heat exchanger 32. 
Adjacent the compressor the conduit 40 
has a connection with a \ch conduit 42 
-for conducting compresses ./from the com- 
5 pressor to an aspirator nozzle- 43 in the outlet, 
side for the coolant of an intercooler 44, the 
inlet side for the coolant being connected 
with a suitable source of cooling air shown 
in this instance as being a ram duct. A suit- 

10 able valve assembly 45 is provided for selec- 
tively- and proportionally adjusting flow 
through the conduit 40 and conduit 42, de- 
pending upon the conditions of operation. 
The turbine 38 has its- inlet connected by 

15 means of a conduit 46 with branch conduit 
18, after it has passed through the heat ex- 
changer 32. The oudet side of the turbine 38 
is selectively connectible by a valve assembly 
47 so as to discharge directly through a con- 

20 duit 48 to atmosphere, or through a conduit 
49 which is connected through a water 
separator 50 with another inlet of the selector 
valve 41. 

A modulating valve 51 has one side con- 

25 nected to conduit 49 upstream of the water 
separator 50, and its other side connected 
with conduit 40 downstream of the demand 
control 40'. This side of the valve also con- 
nects with a conduit 52 by which fluid flow 

30 may be conducted through the intercooler 
and back to another inlet connection of the 
selector valve 41. After passing through the 
intercooler, the conduit 52 has a connection 
with conduit 18, a valve assembly 53 being 

35 provided to control the flow on opposite 
sides of the connection of conduit 46 with 
conduit 18. 

By utilizing a power package unit A and 
air conditioning unit B with the other com- 

40 ponents of heat exchanger and intercooler, 
great flexibility is possible with efficient 
operation. ' 

Prior to starting up of the main engines 
of the aircraft, the power unit A may be 

45 operated to provide electrical and pneumatic 
power, the air for combustion in the com- 
bustion chamber 15 being supplied from the 
compressor 12. Compressed air is available 
through conduit 21, for operating the starter 

50 of the main engine, and electricity for igni- 
tion purposes is obtainable from the genera- 
tor 11. 

It is not, however, under all conditions of 
operation, necessary to utilize a compressor 

55 12 as the source of combustion air for the gas 
turbine 10, since such air may be- furnished 
from a separate source, and with the valve 
arrangement shown, the combustion chamber 
15 may be connected by closing valves 16 

60 and 23, and opening valve 20, to obtain com- 
bustion air through conduit 29 from the cabin 
or enclosure 28. Since the compressor 12 is 
not being used it may be disconnected by 
releasing the clutch 13 so that the turbine 
l 65 drives only the generator 11. 



. In utilizing the turbine for driving only the 
generator and connected to recr" air from 
the cabin or enclosure 28, c< jjssed air 
will-, in this case, be supplied w^the cabin 
from the compressor 39, driven by the ex- 70 
pansion turbine 38. which is, in this case, 
connected to receive heated exhaust cabin air 
through the heat exchanger 32 and conduit 

18: 

* The clutch 13 is also advantageous in the 75 
event that the compressor 12 should become 
inoperative or damaged for .some reason. 
Under such an emergency condition, the 
compressor may be disconnected by the 
clutch 13 and combustion air for the gas 80 
turbine 10 supplied through conduit 21 from 
the aircraft engine or engines. . 

The novel arrangement .of valves in the 
flow conduits results in a very flexible 
arrangement. The cabin conditioning air 85 
and combustion air for the gas turbine " may 
be supplied solely from the compressor 12 
by closing valves 20, 22, 23 and 30 and open- 
ing valves 36 and 19, in which case, the cabin 
conditioning air will be supplied to branch 90 
conduit 171 

It is also possible to connect the system so 
that cabin air and combustion air for the gas 
turbine will be supplied solely from the air- 
craft engines by bleeding through conduit 21, 95 
closing valves 16, 19, 20 and 30, and opening 
valves 22 and 23. 

In still another arrangement, it is possible 
to take the cabin conditioning air from the 
compressor 12 or by bleeding from the main 100 
engines, or a combination of both, and supply 
combustion air for the gas turbine 10 from 
another source such as from the cabin or 
enclosure 28. For affecting this arrangement, 
the valves 16 and 23 would be closed, and 105 
valves 19 and 22 selectively closed or pro- 
portionally opened to divide the supply of 
air from the compressor and bleed- from the 
main engines. The valve 20 is .ip; this case 
opened; while valve 30 is closed, thus permit- 110 
ting air from, the cabin 28 to flow through 
conduit 29, through the valve 20 and duct 
14 to the combustion chamber 15. 

For ground and low flight conditions when 
there is an absence of ram pressure, or the 115 
ram ' pressure is at most a variable quantity 
depending upon the speed of the aircraft, it 
is contemplated that the cabin conditioning 
air will be supplied through the conduit 17 
from a source such as described above. 120 
Provision is made in this case for modulating 
•of the valve 36 in the by-pass 35' so as to 
control the temperature of the conditioning 
air, and provision is further made for con- 
ducting the conditioning air directly to the 125 
cabin or through various degrees of cooling 
as required. After passing through the heat 
exchanger, the conditioning air is carried 
through a portion of conduit 40, and through 
the demand control 40", and thence through 130 
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selector v^ . e 41 to the cabin. Should cool- 
ing be required, the valve 41 may be manipu- 
lated to open the intermediate passage into 
the cabin, thus permitting the conditioning 
5 air to [low through conduit 52 so as to be 
brought into heat exchange relation with the 
coolant of irrtercooler 44. In flight, this 
coolant will be under ram pressure. 
Additional cooling may be obtained, when 
10 required, by shifting the valve 41 so that the 
left hand inlet, as shown in Fig. 1 is" opened. 
Under such condition, the return flow from 
the intercooler will be passed through the 
expansion turbine 38. This is accomplished 
15 by opening the right side of valve 53 and 
closing its left side, and closing the right side 
of valve 47 and opening its left side. 

It will be observed that when the expan- 
sion turbine 38 is being operated to drive the 
20 compressor 39, the valve 45 may be actuated 
so as to close its left side and open its right 
side so as to permit the air discharged from 
the compressor to pass through the conduit 
42 and be discharged from the aspirator 
25 nozzle 43 on the downstream side of the 
coolant discharge of the cooler 44, so as to 
augment the flow of coolant therethrough. 

For high altitude operation, the flexibility 
of the system of the present invention permits 
30 a different arrangement of the component 
parts to be utilized. Under this flight con- 
dition, the main supply of. conditioning air 
may be taken from either the compressor 12 
or led from the aircraft engines. In either 
35 case, the valve 16, 20 and 23 are closed, the 
valves 19 and 22 being selectively opened or 
proportionally opened to proportion the flow 
into the conduit 17. 
The'combustion air for the gas turbine 10 
40 may be taken from the bleed source, the 
compressor 12, or from the exhaust air of the 
cabin through conduit 29 and valve 20. The 
efficiency of the system is further increased 
by bleeding exhaust cabin air through con- 
45 duit 18, the heat exchanger 32, the open left 
side of valve 53, thence through the expan- 
sion turbine 38, and overboard through the 
open right side of valve 47. The power thus 
recovered is utilized for driving the compres- 
50 sor 39 which may be connected by opening 
the left side of valve 45 and closing its right 
side, so as to augment the supply of com- 
pressed air received through the conduit 17 
for conditioning the cabin 28. 
55 Referring now specifically to Fig. 2 of the 
drawings, the details of the unique control 
will now be described, whereby the operation 
of the gas turbine may be regulated. 
For illustrating this part of the invention, 
60 the driving shaft of the turbine 10 is shown 
as having a power take-off through speed 
reduction gearing consisting of a pinion 54 
which meshes with a driving gear 55. The 
driving gear 55 drives a shaft 56 through a 
•65 loading spring 57 interposed between a load- 



ing bar 58 and i. .iving crank arm 59 carried 
by the shaft 56. 

For sensing a plurality of driving condi- 
tions of the turbine, there is provided a 
sensing governor as generally indicated by 70 
the numeral 60. This governor includes a 
pilot valve in which a housing 61 containing 
spaced control valves 62 and 63 which are 
carried by a tubular shaft having connection 
at one end for rotatable and reciprocable 75 
movement with a valve head 6*4. This valve 
head is schematically shown as having asso- 
ciated therewith a flyweight 65 which is con- 
nected with the valve head through a flexible 
strap 66 and pivoted as shown at a point 67 80 
upon a cylinder 68 connected for rotation 
with shaft 56 and having an open end facing 
the valve head 64 and a closed end facing the 
driving gear 55. The flyweight is outwardly 
spaced from the cylinder and has its centre 85 
of gravity radially offset with respect to the 
pivot point 67, so that movements of the 
flyweight act to reciprocate the valve head. 

The closed end of the cylinder 68 com- 
municates with a port opening 69 which is 90 
controlled by the relative position of the 
loading bar 58. That is, as the load on the 
shaft 56 increases, the spring 57 will be com- 
pressed a greater amount, and the loading 
bar 58 will be moved into closer proximity 95 
to the crank arm 59. This movement oper- 
ates to produce a greater restriction of the 
port opening 69, whereas upon decrease of 
load, greater flow will be permitted through 
the port opening 69. 100 

Positioned within the cylinder 68 is a 
piston 70 which is carried by a hollow piston 
rod 71 which communicates with the side of 
the piston feeing the bottom of the cylinder 
68. The piston rod 71 extends through the 105 
hollow shaft upon which the control valves 
62 and 63 mounted, and at its projecting 
end is fitted with a piston 72. The valve head 
64 and connected tubular shaft are normally 
slidably biased towards the left on the piston 110 
rod 71, as shown on the drawings, by a speed 
spring 73. A droop control spring 74 is 
positioned with its ends respectively engaging 
the vztfve head 64 and the piston 70 so as to 
normally act in a direction forcing these parts 115' 
away from each other. 

By utilizing an offset flyweight 65, as 
shown, the flyweight becomes sensitive to the 
rate of change of speed as well as to the 
absolute magnitude of the speed. This rate 120 
or derivative action has a strong stabilizing 
effect when a pilot valve and servo ram are 
utilized without direct feed back. 

To protect against overspeed, a speed re- 
sponsive valve member in the form of a lever 125 
75 is pivotafly mounted on the cylinder 68 
and biased toward ,seated position over a 
port opening 76 in communication with the 
interior of the hollow shaft which carries 
the control valves -62 and 63. This lever is 13a 



biased toward seated position by 2 spring 77 
and is weighted at its valve er4 to sense and 

reacrtb overspecds.- - > 

For protection against re v J torque due 

5 to the tendency 01 shaft 56 to drive the driv- 
ing gear 55 in reverse direction, a projection 
78 is<arransei on the driving jear so as to 
engage the lever 75 and actuate it to an un- 
seated position, to shut down the turbine in 

10 a manner which will subsequently be 
explained. 

A source of high pressure oil connects with 
the housing 61 so as to be between the control 
valves 62 and 63 and these valves are under- 
15 lapped, as shown, to permit slight flow past 
their peripheries into spaces 79 and 80. 

The duct 14 for feeding combustion sup- 
porting air to the combustion chamber 15 is 
provided with a throtde valve 81 which is 
20 controlled by an actuator 82 which comprises 
a cylindrical housing 83 having a wall 84 
between its ends. This wall cooperates to 
form a cylinder at one end of the housing 83 
for a piston 85 supported for reciprocal 
25 movement therein, and operatively connected 
with an actuating rod 86 connected to the 
throttle valve 81 at one end, and having its 
,othqf* end projecting through the wall 84 to 
form a shut down prod 87. 
30 On the other side of the wall 84, there is 
provided a piston 88 which is biased toward 
the prod by an expansion spring 89. 

The left side of the piston 88 is in com- 
munication with a supply conduit 90 which 
35 connects with the space 79 of the housing 61 
of the sensing governor. The opposite sides 
of the piston 85 are in communication with 
conduits 91 and 92 . which connect with the 
underlapped 'cylindricai wall portions 93 and 
40 94 respectively, of the housing 61. It will be 
apparent from a consideration of the move- 
ment of piston 88 that it is arranged to act 
as an oil pressure regulator by controlling 
flow through a drain connection 95; and, 
45 when" in- a- left limiting position, is arranged 
to open a bleed conduit 96 so as to enable 
the engagement of the piston 88 with the 

Erod 87 and actuate the throttle valve 81 to 
illy 'closed - position. Regulatory adjust- 
50 ment of the throttle valve 81 is, of course, 
accomplished by the action of the valves 62 
and 63 in varying the pressure differential in 
conduits 91 and 92, the operation of these 
valves being stabilized by the action of the 
55 flyweight 65 in response to speed changes. 
A starting bypass 97 is provided around 
the main throttle valve 81 for use during 
starting, this bypass being controlled by a 
suitable- valve 98. 
60- Supply of fuel to the combustion chamber 
15 may be accomplished in any suitable 
manner. In the present instance, a fuel con- 
trol valve 99 is arranged to control a bleed 
connection with a main fuel supply conduit 
65 100. 



The control valve 99 is .operated by a load 
responsive servo mechanism 101 v -vving a 
housing within which there is s hed a 
movable wafl 102 forming a diaplw^hi. The 
upper side of the diaphragm 102 is in com- 70 
munication with a fluid pressure by means of 
conduit 103 the upper end of which com- 
municates through a branch connection 104 
with the left side of piston 72, and a branch 
connection 305 which communicates through 75 
a restricted droop orifice 106 with the other 
side of piston 72 and with conduit 90.. 

Another connection 107 is provided from 
the left side of piston 72 and through a re- 
stricted speed orifice 108 to the other side of 80 
the piston 72 and to the conduit 90. 

A bleed valve 109 is provided for adjust- 
ing speed changes by altering the pressure 
acting on the left side of piston 72, whereby 
. the piston may be moved to change its nor- 85 
mal position, such movements being carried 
back to the flyweight 65 through the action 
of spring 74 and movement of valve head 64. 
A bleed valve 110 is similarly provided in 
the conduit 103 for adjusting.droop by alter- 90 
ing the pressure acting on movable wall 102. 

The other side of movable wall* 102 is 
biased by a compression spring 111 which 
opposes the action-of fluid pressure. 

The operation of the fuel control valve 99 95 
is further compensated for pressure and 
temperature conditions, as will be explained. 
As thus far explained, it will be seen that 
the fuel supply regulation will depend pri- 
marily on the pressure in the load sensing 100 
conduit 103 which in turn depends on the 
load demand. In actual practice the valve 
110 and the spring 111 in the load responsive 
servo mechanism might be interconnected so 
that the positioning of the valve varies the 105 
loading in the servo mechanism to prevent 
undesirable variations in combustion cham- 
ber temperature with changes in droop regu- 
lation. It is characteristic of the thermo- 
dynamic cycle of a gas turbine such as 110 
illustrated that the air flow is a function of 
the output torque for a given turbine inlet 
pressure and temperature over a wide range 
of pressure ratios. By modifying the spring 
force acting on the movable wall 102 in pro- 115 
portion to the turbine inlet pressure, the 
equivalent of a constant turbine inlet tem- 
perature may be maintained. Moreover by 
further varying the same spring loading by 
differential expansion of the parts of this 120 
sensor, the fuel supply may be varied in 
accordance with the entering temperature to 
maintain essentially a constant temperature 
out of the combustion chamber. For this 
purpose, there is provided a combined poten- 125 
tial and temperature sensor 112 arranged to 
act through a pivotal arm 113 to vary the 
effect of a loading spring 114 having an 
operative connection with the movable wall 
.102 of the. load responsive. servo mechanism. 130 
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.At tl, jscharge end of -the combustion A damaged \ ag will inevitably increase 

chamber," there is provided a temperature flow by virtue vi the greater gaps and thus 

regulator 115 having a valve 116 for regulat- cause the oil pressure' to drop. It is also 

ing the amount of bleed from a temperature contemplated that thermally sensitive con- 

5 trim fluid, actuated bellows 117 having a con- trolled orifices might also be installed at the 70 

nection through conduit 118 with conduit 90 entrance of these bearings, which would 

as a source of fluid supply, the pressure in operate in a similar manner to the tempera- 

the conduit 118 being normally determined ture regulator 115 and would warn against 

by means of a temperature trim restricted an over-temperature condition, as well. 

10 orifice 119. The bellows 117 is mechanically Various modifications may suggest them- 75 

connected with a swingably mounted arm selves to those skilled in the art without de- 

120 having its outermost end connected with parting from the spirit of my invention, and 

the movable wall 102 by means of a tension hence, I do not wish to be restricted to the 

spring 121. specific form shown or uses mentioned, ex- 

15 The temperature regulator 115 has an in- cept to the extent indicated in the appended 80 

herently large time lag. As a consequence, claims, 
the load sensing system assumes primary What we claim is : 
control during temperature transients while 1. Air conditioning, , and auxiliary electric 

the amount of the transient and the magni- and pneumatic power supply equipment and 

20 tude of the steady state temperature is essen- system for aircraft having a main engine 85 

tially established by the regulator. With this and associated compressor, comprising a gas 

system, it would also be possible to add a turbine unit in which the turbine drives a 

pressure compensation means to the fuel compressor having an atmospheric air inlet 

nozzle of the combustion chamber to counter- and a compressed air outlet; a valve con- 

25 act the effect of pressure fluctuations in a trolled duct connecting said outlet with a 90 

combustion chamber on the characteristics point of use; a valve controlled duct con- 

of the fuel spray e.g. fuel flow, spray angle, nected with said outlet to provide one 

drbplet size, etc* selectable source of combustion air to said 

The utilization of underlapped wall por- gas turbine; and another valve controlled 

30 tions 93 and 94 in connection with the control duct from a separate source of air connected 95 

valve 62 and 63 is of particular benefit in to form another selectable source of combus- 

that it has the effect of increasing the result- tion air to said turbine, 
ing viscous damping of the hydraulic servo 2. Equipment and system according to 

system. In addition, the use of such an claim 1, characterized in that said separate 

35 arrangement in connection with a positive source of air comprises the aircraft main 100 

displacement pump for supplying the high engine compressor. 

pressure oil provides small pressure varia- 3. Equipment and system according to 

tions during small speed changes to obtain claim 1, including an electric generator 

good speed control, while for large speed having a driving connection with said 

40 changes it is possible to exert the maximum turbine; and a clutch for disconnecting said 105 

pressure ^on the actuating rod 86 so as to compressor with respect to said turbine, 

prevent " hanging-up ' • of the throttle valve when said separate source of air is used; 

81 for any reason. whereby the turbine may drive the generator 

The utilization of an oil pressure regulator for electrical power purposes. 

45 in combination with the throttle valve actua- 4. Equipment and system according to 110 

ator 82 provides a system which is most claim" 1, including a heat exchanged for 

readily adapted to protect against abnormal passing duct air from the compressed air 

operation and operation under undesired outlet into heat transfer relation with exhaust 

_ emergency conditions. In this connection, gases from the gas turbine prior to delivery 

50 advantage is taken of the artificial lowering of said duct air to said point of use. 115 
of pressure in the conduit 90 and spaces in 5. Equipment and system according to 

communication therewith to shut down the claim 4, wherein the duct air is by-passed 

equipment. Such artificial lowering of pres- to a greater or lesser extent around said 

sure may result, for example, from unbalanc- heat exchanger. 

55 ing of the Ovefsjpeed lever 75 due to over- 6. Equipment and system according to 120 

speed or reversal of power, whereupon bleed claim 1, including an enclosure pressurized 

past the underlapped valves 62 and 63 may from the main engine compressor and from 

lower the pressure in conduit 90. The latter which said last mentioned duct conducts 

condition arises when the connected load exhaust air to the gas turbine for use as 

60 tends to overdrive the turbine, and* is un- combustion air; a heat exchanger connected 125 

desirable from the standpoint of excessive to receive hot gases from the exhaust of said 

-power consumption and the possibility of turbine; means for also conducting exhaust 

malfunctioning of the turbine drive. air from the enclosure through the heat 

Fox the protection of bearings, a conduit exchanger into heat exchange relation with 

• 65 122 may be' connected with the conduit 90. said turbine exhaust; other air compressing 130 



means connected to supply air under pres- 
sure to said enclosure; .and means for 
converting energy of the closure exhaust 
air, which ''is heated by i kc through the 
5 heat exchanger, into mechanical energy, said 
energy converting means having a "driving 
connection with said air compressing means. 

7. Equipment and system according to 
claim 6, including means for conducting 

-10 combustion air for said gas turbine through 
said heat exchanger for preheating prior to 
delivery to said turbine. 

8. Equipment and system according to 
claims 6 or 7, characterized in that the 

15 enclosure is connected to receive compressed 
air from the duct connected to the outlet 
of the compressor of the gas turbine unit. 

9. Equipment and system according to 
claims I, 2 or 3, including a second turbine 

:20 • unit having a compressor driven by an air 
expansion turbine, said duct from the 
compressor of the gas turbine unit being 
connected to furnish compressed air to said 
expansion turbine; and an outlet connection 

■25 for the compressor of the second turbine unit 
for supplying air for a use independent of 
said units. 

10. Equipment and system according to 
claim 9, comprising an air flow path includ- 

30 mg an enclosure; a heat exchanger in said 
path for passing the air into heat exchange 
relation with a coolant; air actuated means 
for moving said coolant; and means for 
selectively connecting the outlet connection 

35 for the compressor of the second turbine 
unit with said coolant moving means, and 
said flow path. 

11. Equipment and system according to 
claim 10, characterized in that the air 

40 actuated means comprises an aspirator 
nozzle. 

12. Equipment and system according to 
claim 10 or claim 11, including means for 
selectively connecting said air expansion 

45 turbine into said flow path upstream of said 
enclosure for one condition of operation, 
and into said flow path downstream from 
said enclosure for another condition of 
operation. 

50 13. Equipment and system according to 
claim 12, including means for heating said 
air prior to its reaching said air expansion 
turbine, when located in the downstream 



position. 

14. Equipment and system ^-ordina to 55 
claim U including a heat exc' > having 
first and second flow paths fo, ^ssing air 
therethrough into heat exchange relation 
with exhaust gases from said turbine, the 
duct connecting said compressor outlet with 60' 
a point of use being connected to one of 
said flow paths: a valve controlled duct 
connected from the downstream side of the 
bleed duct valve to the other of said flow 
paths; and another valve controlled duct 65 
connected from the upstream side of the 
bleed duct valve to the said one of said flow 
paths between the valve of the outlet duct 
connected thereto and the heat exchanger. 

15. Equipment and system according to 70 
any one of the foregoing claims, including 
means for regulating the amount of hot gas 
supplied to said gas turbine; a governor 
having a fluid control pilot valve actuated 
in response to a driving characteristic of said 75 
turbine; and . means controlled by said pilot 
valve for actuating said regulating means. 

16. Equipment and system according to 
claim 15, wherein the gas turbine is supplied 
with combustion air and fuel, the regulating 80 
means includes a fuel control valve and 
combustion air valve, and the governor is 
responsive to load, speed and rate of speed 
changes. 

17. Equipment and systtm according to 85 
claims 15 or 16, Including means responsive 
to an emergency' condition for overriding 
said governor and shutting down said 
turbine. 

18. Equipment and system, according to 90 
claim 17, wherein the fuel control valve is 
associated with an actuator controlled by 
the governor, and the overriding control 
means are operative upon the occurrence of 
predetermined temperature conditions. 95 

19. Equipment and system according to 
claim 18, wherein the combustion air control 
valve is associated with an actuator con- 
trolled by said governor, and the overriding 
control is further operative in response to 100 
pressure conditions. 

20. Equipment and system according to 
any oae of claims 16, 17, 18 or 19, including 
means compensating the fuel valve actuation 
for a droop characteristic. 105 

MARKS & CLERK. 
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754,120 COMPLETE SPECIFICATION 

- c/ This drawing is a reproduction of 
the Original on a reduced scale. 
SHEETS I & 2 
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